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(57) ABSTRACT

A method for operating a pneumatic actuating system of a
transmission. The actuating system has an air reservoir at a
first pressure. The reservoir couples an actuating space of the
actuating system which 1s at a second pressure, and the
actuating space couples, via control valves, shifting cylin-
ders. When conducting a transmission gearshiit, an air mass
delivered to the active shifting cylinders via corresponding
control valves, and an air mass sum including a nominal air
mass 1n the active cylinders required for accomplishing the
gearshift and an actual basic leakage from the activated
shifting cylinder are determined. A defect leak 1n the pneu-
matic actuating system 1s recognized, 1f the air mass deliv-
ered to the active shifting cylinders 1s larger than the air mass
sum. IT a defect leak 1s recognized, the control valves
coupling the actuating space and the shifting cylinders are
shut off for a period of time.

9 Claims, 2 Drawing Sheets

3 /J\\
— =
5, S
ll'\'.-_I q-\"'"\l'\-umﬁ-""
H'\""\q._ o arv @

i



US 10,794,477 B2

Page 2

(51) Int. CL 7,272,533 B2* 9/2007 Schlosser .............. F15B 19/005
FISsB 1900 (2006.01) 702/184

F16H 61/00 (2006.01) 8,366,588 B2 2/2013 Gansohr et al.
FI6H 61/02 (2006.01) 8,874,340 B2 * 10/2014 Salewskt ............... F16D 48/066
S 701/68
(52) US. ClL 0.658.628 B2* 52017 BUIt oo F24F 11/83
CPC ..... F16H 61/0021 (2013.01); F16H 61/0262 0.891,135 B2*%  2/2018 AKi +ovoovovovon. FI15B 15/7815
(2013.01); FI5B 2211/41572 (2013.01); FI5B 10,563,753 B2* 2/2020 Kawale ........coov..... F16H 61/06

221176653 (2013.01); FI5B 2211/7053 2014/0305508 Al  10/2014 Naquin

2018/0195537 Al*  7/2018 Bohm ...ooovvvivi.. F15B 15/2815

(2013.01); FI5B 2211/71 (2013.01); FiI5B
2211/8636 (2013.01); FISB 2211/87
(2013.01); Fi6H 2061/1208 (2013.01); Fi6H
2061/1232 (2013.01); FI6H 2061/1248
(2013.01); Fil6H 2061/1264 (2013.01); Fi6H
2061/1288 (2013.01); Fi6H 2061/1292

(2013.01)
(56) References Cited
U.S. PATENT DOCUMENTS
6,954,683 B2* 10/2005 Junk ... F15B 13/0402
700/282
7,031,850 B2* 4/2006 Kambli ................. F15B 19/005
700/281

FOREIGN PATENT DOCUMENTS

DE 10 2011 075 168 A1 11/2012
DE 10 2015 210 668 A1  12/2016
WO 2006/097297 Al 9/2006

OTHER PUBLICATTONS

International Search Report Corresponding to PCT/EP2017/079546

dated Jun. 11, 2018.

Written Opinion Corresponding to PCT/EP2017/079546 dated Jun.
11, 2018.

* cited by examiner



US 10,794,477 B2

Sheet 1 of 2

Oct. 6, 2020

U.S. Patent

nims e e

RpEAMEERRTES LLEL
R T

4w

L
'.‘
.-r..i.‘
i..i. [ % o o o g
Thy M.
._...___r._-.
il
LA Ay
l.-... ...-n.l.
iy,
._..l_._n.f
x u..__.-_.-n
“re,
Fi
i..—_..-.
¥
*
s,
" L
.‘u .IE....._. -
. Fra
.n. e h
o ] l..ttu..___
.}f ._._.i....-.....-.l..r
. A e
Y T .
¥ e ny
5, s
., L
.-..i_l.-.. i
W
.__.__.1. g A A A
& v

iu..l...l. T o~ I.I.._uha._n-..l-_l\nl.....lnll

Gl

rF rT 3 T F.E

e

E&nﬂﬁu&l‘l{‘u‘.‘

o e, T B,y Ty,




U.S. Patent Oct. 6, 2020 Sheet 2 of 2 US 10,794,477 B2

a’ {
ﬁ} :‘- ’ N - _h_._-,l"' '_;#1111-11-———————-—-

o {S ‘, + W "-!n-l'l'

h . -
; h ‘_‘,ﬁ.ﬂ

: -
)
N

i tinny 3 i L i iy ‘_. .

P



US 10,794,477 B2

1

METHOD FOR OPERATING A PNEUMATIC
ACTUATING SYSTEM OF A TRANSMISSION
AND CONTROL DEVICE FOR CARRYING
OUT THE METHOD

This application 1s a National Stage completion of PCT/

EP201°7/079346 filed Nov. 17, 2017/, which claims priority
from German patent application serial no. 10 2016 224

550.3 filed Dec. 9, 2016.

FIELD OF THE INVENTION

The mvention relates to a method for operating a pneu-
matic actuating system ol a transmission. In addition, the
invention relates to a control unit designed to carry out the
method, and to a corresponding computer program product.

BACKGROUND OF THE INVENTION

From practice 1t 1s known to actuate shifting elements of
a transmission such as shifting cylinders of a transmission
with the help of a pneumatic actuating system. A pneumatic
actuating system of this type has an air reservoir which 1s
coupled via at least a first control valve to an actuator space
of the actuating system. Starting from the actuator space of
the actuating system each shifting cylinder can be supplied
with air by way of at least one second control valve 1n each
case. Delfect leaks 1n the actuating system or 1n the trans-
mission can prevent the shifting cylinders from being prop-
erly actuated any longer, and because of that, under some
circumstances it 1s no longer possible to carry out gearshiits
reliably in the transmission. In some cases this can result in
total immobilization of a vehicle having the transmission
concerned. It 1s therefore important to determine any defect
leak that may occur 1n a pneumatic actuating system of a
transmission 1n a reliable manner, in order as a function
thereof to 1nitiate a compensating reaction if necessary, as
for example a modified shifting sequence 1n order to main-
tain the readiness of the vehicle for use.

From DE 10 2011 075 168 Al a method for recogmizing
a leak 1n an actuating device of a pressure-medium-actuated
clutch 1s known, such that according to that prior art the
actuation path of a piston of the actuating cylinder is
determined over time with the clutch open and the valves
closed, and from this the degree of leakage from the actu-
ating cylinder over time 1s determined.

SUMMARY OF THE INVENTION

Starting {rom there, the purpose of the present mnvention
1s to provide a new method for operating a pneumatic
actuating system of a transmission. In particular, a new type
of method for recognizing a defect leak 1n the pneumatic
actuating system of the transmission and a method for
reacting to a defect leak recognized 1n a pneumatic actuating,
system of the transmission are proposed. In addition a
corresponding control unit and a computer program product
for carrying out the method are indicated.

From a process-technological standpoint this objective 1s
achieved with the features of the independent claims. A
control unit and a computer program product are also objects
of the further independent claims. Advantageous further
developments are the object of the subordinate claims and of
the description that follows.

According to a first embodiment of the invention, a
method for operating a pneumatic actuating system of a
transmission 1s proposed, 1n which the pneumatic actuating,
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system comprises an air reservoir in which a first pressure 1s
present. The air reservoir 1s coupled to an actuating space of
the pneumatic actuating system, 1n which a second pressure
1s present. The actuating space of the pneumatic actuating
system 1s coupled to shifting cylinders of the transmission
by way of control valves.

It 1s provided that when a gearshiit 1s carried out 1n the
transmission, an air mass delivered to the active shifting
cylinders via the corresponding control valves and an air
mass sum consisting of the nominal air quantity required for
carrying out the gearshift in the active shifting cylinders,
added to a current basic leakage from the activated shifting
cylinders, are determined and it 1s concluded that there 1s a
defect leak 1n the pneumatic actuating system 11 the air mass
delivered to the active shifting cylinders 1s larger than the air
mass sum.

With the present first embodiment of the invention, a
comparative balance of the air masses used in the active
shifting cylinders while a gearshiit 1s carried out 1s proposed.
In the event of a defect leak that indicates a malfunction, the
air mass delivered to the active shifting cylinders by way of
the corresponding control valves 1s substantially greater than
the air mass sum, which depends on the air mass in the active
shifting cylinders and the air mass of a current basic leakage
taking place from the active shifting cylinders even when the
actuating system 1s functioning correctly. By means of such
a comparison, a defect leak 1n the actuating system can be
determined simply and reliably.

According to an advantageous further development 1t 1s
concluded that there 1s a defect leak 1n the pneumatic
actuating system 1f, while a gearshift 1s being carried out 1n
the transmission, the air mass delivered to the shifting
cylinder 1s larger than the air mass sum over a defined time
period. In that way a defect leak 1n the pneumatic actuating
system can be detected in a particularly advantageous man-
ner.

Preferably, the air mass delivered via the control valves to
the active shifting cylinders 1s determined as a function of
the mass flow through the active control valves, wherein the
mass tlow through an active control valve 1s determined as
a Tunction of the pressure present in the actuating space and
as a function of a maximum mass flow through the control
valve concerned. This determination of the air mass deliv-
ered to the shifting cylinders via the control valves 1s simple
and reliable.

Preferably, the nominal air mass in the active shifting
cylinders for the air mass sum 1s determined as a function of
a piston area of the active shifting cylinder concerned and as
a Tunction of shifting paths of the active shifting cylinder
concerned. This allows a simple and reliable determination
of the air mass 1n the shifting cylinders for the air mass sum.

The current basic leakage from the active shifting cylinder
concerned for the air mass sum 1s preferably determined as
a Tunction of a previous basic leakage from the active
shifting cylinder concerned. In that way the natural basic
leakage from the active shifting cylinder, which takes place
even during a non-defective leak in the pneumatic actuating
system, can be determined simply and reliably.

In a second embodiment of the invention a method for
operating a pneumatic actuating system of a transmission 1s
proposed, which pneumatic actuating system comprises an
air reservoir 1n which a first pressure i1s present. The air
reservoir 1s coupled with an actuating space of the pneu-
matic actuating system in which a second pressure 1s pres-
ent. The actuating space of the pneumatic actuating system
1s coupled to shifting cylinders by way of control valves.
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It 1s provided that when a defect leak 1s recognized 1n the
pneumatic actuating system, the control valves of the pneu-
matic actuating system connected to the actuating space of
the pneumatic actuating system and the shifting cylinders of
the transmission are shut ofl for a parameterizable period of
time. This can prevent air from the actuating space of the
pneumatic actuating system from escaping in an uncon-
trolled manner.

When the control valves of the pneumatic actuating
system are shut ofl, air 1s supplied to the pneumatic actuating
system by a pump or an air compressor. By virtue of this air
mass, pressure 1s built up again 1n the actuating space of the
pneumatic actuating system, since by shutting ofl the control
valves the connection between the actuating space and the
shifting cylinders of the transmission is interrupted.

After the lapse of the parameterizable shut-off period, the
control valves required for carrying out a gearshiit in the
transmission are finally actuated, whereby the shifting cyl-
inders of the transmission associated with the control valves
are acted upon by pressure.

Thus, by virtue of the method according to the mnvention
a compensatory reaction in the event of a recognmized defect
leak 1n the pneumatic actuating system i1s proposed, by
means of which a gear can reliably be engaged in the
transmission even when there 1s a recognized defect leak.
The shut-off period of the control valves when a defect leak
1s recognized can be, for example, 400 to 600 milliseconds.

Furthermore, a control unit for operating a pneumatic
actuating system ol a motor vehicle 1s indicated, which 1s
adapted for carrying out the method according to the inven-
tion. The control unit can for example be 1n the form of a
transmission control unit.

The solution according to the invention can also be
incorporated as a computer program product, which when 1t
1s run on a processor of a control device instructs the
processor by software means to carry out the associated
process steps which are the object of the invention. In this
connection a computer-readable medium 1s also part of the
object of the invention, on which medium a computer
program product as described above can be retrievably
stored.

The invention 1s not limited to the indicated combination
of the characteristics of the independent claims or the claims
that depend on them. There are 1n addition possibilities for
combining 1ndividual characteristics with one another, pro-
vided that they derive from the claims, the description given
below or directly from the drawings. References in the
claims to the drawings by the use of indexes are not intended
to restrict the protective scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

To clanity the invention drawings with example embodi-
ments are attached to the description. The drawings show:

FIG. 1: A block circuit diagram of a pneumatic actuating
system of a transmission; and

FIG. 2: A diagram to make clear details of the method for
operating the pneumatic actuating system.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The mvention relates to a method for recognizing a leak
that 1s too large, or 1s 1ncorrect, in a pneumatic actuating,
system ol a transmission, which leak can lead to the fact that
gearshifts can no longer be carried out properly in the
transmission. Such a leak 1s termed a defect leak. Further-
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more, the invention relates to a method by which, 1f a defect
leak 1n the pneumatic actuating system has been recognized,
a compensatory reaction 1s 1nitiated by means of which a
gear can be reliably engaged 1n the transmission even when
a defect leak has been recognized. In addition the mnvention
relates to a control unit for carrying out the method.

FIG. 1 shows, as an example, the basic structure of a
pneumatic actuating system 1 for a transmission, namely in
FIG. 1 for a group transmission such that each part of the
group transmission comprises a shifting cylinder 2, 3 that 1s
to be actuated pneumatically. The shifting cylinder 2 shown
in FIG. 1 1s a pneumatically actuated shifting cylinder of a
splitter group of the group transmission, which can be
actuated by two control valves 7, 8. The shifting cylinder 3
1s a pneumatically actuated shifting cylinder of a main
transmission of the group transmission, which can be actu-
ated by four control valves 9, 10, 11, 12. Associated with the
shifting cylinder 2, which serves to actuate the splitter
group, there 1s a position sensor 14 with the help of which
the position of an actuating piston 16 of the shifting cylinder
2 can be detected by measurement-technological means.
Associated with the shifting cylinder 3, which serves to
actuate the main transmission, there 1s a position sensor 13
with the help of which the position of an actuating piston 135
of the shifting cylinder 3 can be detected by measurement-
technological means.

The pneumatic actuating system 1 of FIG. 1 comprises an
air reservolr 5. In the air reservoir 5 there 1s present a first
pressure, namely a pressure p,. Furthermore the pneumatic
actuating system 1 comprises a so-termed actuating space 6
in which there 1s a second pressure, namely a pressure p,.
The actuating space 6 1s connected to the air reservoir 5 by
way ol a pressure-reducing valve 4. By means of the
pressure-reducing valve 4, the pressure p, 1n the air reservoir
5 1s reduced to an adjustable constant pressure p..

Starting from the actuating space 6, the shifting cylinders
2, 3 can be supplied with compressed air, each shifting
cylinder 2, 3 being coupled to the actuating space 6 by way
of control valves 7, 8, 9, 10. In the example embodiment of
FIG. 1 each of the shifting cylinders 2, 3 1s coupled to the
actuating space 6 via two respective control valves, 7, 8 and
9, 10.

In order, now for example, to be able to reliably recognize
a defect leak i1n the pneumatic actuating system 1 of a
transmission shown as an example mm FIG. 1, when a
gearshiit 1s carried out in the transmission during which one
or both of the shifting cylinders 2, 3 of the transmission are
supplied with compressed air and 1n which one or more of
the control valves 7, 8, 9, 10 1s/are active, an air mass
delivered to the active shifting cylinders 2, 3 via the corre-
sponding control valves 7, 8,9, 10 1s determined. In addition
an air mass sum consisting of a nominal air mass required
for carrying out the gearshiit in the active shifting cylinders
2, 3 and a current basic leakage from the active shifting
cylinder 2, 3 1s determined. The basic leakage 1s also
referred to as the natural leakage and always occurs during
the operation of the pneumatic actuating system 1. If the air
mass delivered to the active shifting cylinders 2, 3 1s larger
than the air mass sum, it 1s concluded that there 1s a defect
leak 1n the pneumatic actuating system 1, namely 1f while a
gearshiit 1s being carried out in the transmission the air mass
delivered to the shifting cylinders 2, 3 remains larger than
the air mass sum for a defined period of time.

Accordingly, according to the mvention a comparative
balancing of the air mass consumed in the pneumatic
actuating system 1 while a gearshift 1s taking place 1s carried
out. In the event of a defect leak, the air mass delivered to
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the active shifting cylinders 2, 3 by way of the correspond-
ing control valves 7, 8, 9, 10 1s substantially larger than the
alr mass sum which consists of the air mass 1n the active
shifting cylinders 2, 3 added to the air mass of a current basic
leakage from the active shifting cylinders 2, 3. If the
difference between the air mass flowing via the control
valves 7, 8,9, 10 into an active shifting cylinder 2, 3 and the
alr mass sum consisting of the nominal air mass 1n the active
cylinders 2, 3 during an active gearshift and the air mass
attributable to the natural leakage from the active shifting
cylinders 2, 3 1s larger than a defined limit value, a defect
leak mm an active shifting cylinder 1s recognized. Leak
detection 1s carried out separately for each of the shifting
cylinders 2, 3.

On the assumption that all gearshifts in the transmission
are carried out with a supercritical pressure ratio, the air
mass delivered to the active shifting cylinder via an active
control valve 7, 8, 9, 10 1s calculated from the following
equations:

Hiisy = fmiﬂ # (I

Wisi=W A X

1

WUaax = Cxprepx (?)

- k$wD$Q$$MAX$\/(2$R5$Tg)
- Po

.., 1s the air mass delivered to the active shifting
cylinder via the active control valve 7, 8, 9, 10 concerned,
m,_. 1s the mass flow through the active control valve 7, 8, 9,
10 concerned, p, 1s the pressure present in the actuating
space 6, ), ., 1s the maximum mass flow through the active
control valve 7, 8, 9, 10 concerned, C 1s a pneumatic
conductance value of the active control valve 7, 8, 9, 10
concerned, p 1s the air density, T, 1s the absolute air
temperature in the normal condition, T 1s the current actual
air temperature, k 1s an adaptation factor of the active control
valve 7, 8, 9, 10 concerned, o., 1s a pneumatic correction
factor of the active control valve 7, 8, 9, 10 concerned, R
1s the specific gas constant, p, 1s an air pressure of the air 1n
the normal condition and Q 1s the valve cross-section of the
active control valve 7, 8, 9, 10 concerned.

Thus, according to the above formulas the air mass
flowing through the active control valve 7, 8, 9, 10 con-
cerned, starting from the actuating space 6 and into the
shifting cylinder 2, 3, 1s obtained by integrating the mass
flow through the active control valve 7, 8, 9, 10 concerned.

According to FIG. 2, 1n the determination of the air mass
delivered to the active shifting cylinder 2, 3 via the active
control valves 7, 8, 9, 10 concerned, there 1s a distinction
between actuating the control valves 7, 8, 9, 10 in a
supercritical range 18 1n which the mass flow 1s constant,
and actuating the control valves 7, 8,9, 10 1n a below-critical
range 19 in which the mass flow 1s not constant. As can be
seen from the shape of the curve 17 1n FIG. 2, the mass flow
through the control valves 7, 8, 9, 10 in the below-critical
range 19 1s approximated by an ellipse. On the assumption
that all gearshifts 1n the transmission are carried out at a
supercritical pressure ratio, the mass flow through the con-
trol valves 7, 8, 9, 10 will be constant. This constant mass
flow 1s likewise also the maximum mass flow through the
control valves 7, 8, 9, 10.

in which m.
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The nominal air mass in the active shifting cylinder 2, 3
concerned, required for carrying out a successiul gearshift in
the transmission, 1s determined as a function of a piston area
of the active shifting cylinder 2, 3 concerned and as a
function of shifting paths of the active shifting cylinder 2, 3
concerned.

The nominal air mass of the active shifting cylinder 2, 3
concerned for the air mass sum 1s preferably calculated from
the following equations:

o
Msort—P " Vson

Veorr=V1+V5
V=4 * 0~

VomA5* (lpax—X)

in which m._, 1s the actual nominal air mass of the active
shifting cylinder, V. _,, 1s the actual nominal volume of the
active shifting cylinder, p 1s the air density, V, is the active
volume 1n the first actuation direction of the actuating piston,
V., 1s the active volume 1n the second actuation direction of
the actuating piston, A, 1s the active piston area in the first
actuation direction of the actuating piston, A, 1s the active
piston area 1n the second actuation direction of the actuating
piston, X 1s the current piston position, 1 1s the maximum
shifting path and 1. 1s the mimmimum shifting path.

For example, the first actuation direction of the actuating
piston can be understood to mean an actuation of the
actuating piston in the direction toward increasing position
values. The second actuation direction of the actuating
piston 1s opposite to the first actuation direction and corre-
sponds to an actuation of the actuating piston in the direction
toward decreasing position values.

Thus, from the active volume V, 1n the first actuation
irection and the active volume V., 1n the second actuation
irection, the nominal air mass m._,, 1n the shifting cylinder
uring an active gearshiit can be calculated. In doing this, 1n
ne main transmission there 1s a diflerence between gear-
shifts away from and toward neutral since the respective
active piston areas are diflerent.

To the above volumes V,, V,, a dead volume of the
shifting cylinder can also be additively superimposed.

The actual basic leakage of the active shifting cylinder 2,
3 concerned for the air mass sum 1s preferably calculated

from the following equation:

C
C
C
t

VSGH
RS ¥

Mgy = Mpg—1n + * P #lg

in which my ,, 1s the actual basic leakage from the active
shifting cylinder concerned, m; ;_,, 1s the previous basic
leakage from the active shifting cylinder concerned, V¢ _,, 1s
the actual nominal volume of the active shifting cylinder
concerned, R 1s the specific gas constant of air, T 1s the
current air temperature, p 1s the rate of change of the air
pressure and t. 1s a scanning rate. The above equation
applies on the assumption that the volume V._,, and the rate
of change of the air pressure p are constant.

For each shifting cylinder that 1s active while carrying out
a gearshift, the air mass m,_, and the basic leakage according
to the above formula are determined separately.

As already stated, a defect leak 1n the pneumatic actuating
system 1 1s recognized when, over a defined time period
while a gearshiit 1s being carried out 1n the transmission, the
air mass m,_. delivered via the corresponding control valves

st
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7, 8,9, 10 to the active shifting cylinder 2, 3 1s larger than
the air mass sum consisting of the nominal air mass mg_,,
required for carrying out the gearshift in the active shifting
cylinder 2, 3 and the actual basic leakage m;, ., from the
active shifting cylinder 2, 3:

mfsf}mgﬂfﬁmj;é‘ﬂk

When 1t 1s concluded that there 1s a defect leak 1n the
actuating system 1, countermeasures can be initiated to
nevertheless enable a defined operation of the transmission.
According to the present invention it 1s provided that when
a defect leak 1s recognized in the pneumatic actuating
system 1 the control valves 7, 8, 9, 10 of the pneumatic
actuating system 1 connected to the actuating space 6 and
the shifting cylinders 2, 3 are shut off for a parameterizable
time period. When a defect leak 1s recognized, this can
prevent air from flowing out of the actuating space 6 of the
pneumatic actuating system 1 1n an uncontrolled manner.

When the control valves 7, 8, 9, 10 are shut off, air can be
supplied to the pneumatic actuating system 1 by means of an
air compressor, whereby 1n the actuating space 6 a pressure
P, 1s built up again, since by virtue of the shut-oil control
valves 7, 8,9, 10 the connection between the actuating space
6 and the shifting cylinders 2, 3 1s interrupted.

After the lapse of the parameterizable shut-oil duration,
the control valves 7, 8, 9, 10 required for carrying out a
gearshift are actuated so that by means of the pressure p,
built up 1n the actuating space a gear can be engaged 1n the
transmission.

When a gearshift 1s carried out, the air mass delivered via
the control valves 7, 8, 9, 10 to the shifting cylinders 2, 3
concerned 1s determined as a function of a mass flow by way
of the control valve 7, 8, 9, 10 concerned.

The invention also relates to a control unit for carrying out
the method according to the invention. The control unit
comprises means that serve to carry out the method accord-
ing to the mvention. These means include hardware means
and software means. The hardware means are data interfaces
for the exchange of data between the assemblies involved 1n
carrying out the method according to the mvention. For
example, the control unit exchanges data with the position
sensors 13, 14 which are bwlt into the shifting cylinders 3,
2 and which sense the positions of the actuating pistons 15,
16. The hardware means of the control unit also 1nclude a
processor for data processing and a memory for data storage.
The software means consist of program modules for carry-
ing out the method according to the mvention.

INDEX

S

L.

1 Actuating system
2 Actuating cylinder
3 Actuating cylinder
4 Pressure-reducing valve
5 Ailr reservoir

6 Actuating space

7 Control valve

8 Control valve

9 Control valve

10 Control valve
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16 Actuating piston
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18 Supercritical range
19 Below-critical range

The mvention claimed 1s:

1. A method of operating a pneumatic actuating system of
a transmission, the actuating system having an air reservoir
in which a first pressure 1s present, the air reservoir being
coupled to an actuating space of the actuating system 1n
which a second pressure 1s present, and the actuating space
being coupled, by way of control valves, to shifting cylin-
ders, the method comprising:

when a gearshiit 1s carried out 1n the transmission, deter-

mining an air mass delivered to the active shifting
cylinders, via the corresponding control valves, and an
air mass sum which comprises a nominal air mass in the
active shifting cylinders required for carrying out the
gearshift and an actual basic leakage from the activated
shifting cylinder; and

11 the air mass delivered to the active shifting cylinders 1s

larger than the air mass sum, concluding that there 1s a
defect leak 1n the pneumatic actuating system.

2. The method according to claim 1, further comprising
concluding that the defect leak 1n the pneumatic actuating
system exists 11, while a gearshift 1s being carried out 1n the
transmission, the air mass delivered to the shifting cylinder
remains larger than the air mass sum over a defined time
period.

3. The method according to claim 1, further comprising
determining the air mass delivered via the control valves to
the active shifting cylinders as a function of a mass flow
through the active control valves; and

determining a mass flow through an active control valve

as a Tunction of the pressure present in the actuating
space and as a function of a maximum mass flow
through the shifting valve concerned.

4. The method according to claim 1, further comprising
determining the nominal air mass for the active shifting
cylinders as a function of a piston area of the active shifting
cylinder concerned and as a function of shifting paths of the
active shifting cylinder concerned.

5. The method according to claim 1, further comprising
determining an actual basic leakage from the active shifting
cylinder concerned as a function of a previous basic leakage
from the active shifting cylinder concerned.

6. A method for operating a pneumatic actuating system
ol a transmission, the actuating system having an air reser-
voir 1n which a first pressure 1s present, the air reservoir
being coupled to an actuating space of the actuating system
in which a second pressure 1s present, and the actuating
space being coupled to shifting cylinders by way of control
valves, the method comprising:

when a defect leak 1s recognized 1n the pneumatic actu-

ating system, shutting off the control valves of the
pneumatic actuating system connected to the actuating
space and the shifting cylinders for a parameterizable
period of time.

7. The method according to claim 6, further comprising,
when the control valves of the pneumatic actuating system
are shut ofl, building up a pressure in the actuating space of
the pneumatic actuating system by an air mass delivered by
an air compressor.

8. The method according to claim 7, further comprising,
alter a lapse of the parameterizable time period, actuating
the control valves required for carrying out a gearshift in the
transmission, and acting upon the shifting cylinders associ-
ated with the control valves by pressure.

9. A control umt for operating a pneumatic actuating
system of a transmission, the actuating system comprising
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an air reservolir 1 which a first pressure i1s present, the air
reservoir being coupled to an actuating space of the actuat-
ing system in which a second pressure 1s present, and the
actuating space being coupled to shifting cylinders by way

of control valves, and, when a gearshiit 1s carried out in the 5
transmission, the control unit actuates the control valves and
determines an air mass delivered to active shifting cylinders
via the corresponding control valves and an air mass sum
consisting of a nominal air mass in the active shifting
cylinders required for carrying out the gearshift and an 10
actual basic leakage from the activated shifting cylinder,
and, 11 the air mass delivered to the active shifting cylinders

1s larger than the air mass sum, the control unit detecting a
defect leak 1n the pneumatic actuating system, and, if a
defect leak 1s determined, the control unit initiates a com- 15
pensatory reaction in the pneumatic actuating system.

¥ ¥ H ¥ K



	Front Page
	Drawings
	Specification
	Claims

